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OBJECTIVES The purpose of this study was to prospectively evaluate the usefulness of the cardiac troponins
as predictors of subsequent cardiac events in patients with chronic renal failure undergoing
dialysis.
BACKGROUND Cardiac troponin T (cTnT) and I (cTnI) are cardiac markers that are specific for cardiac
muscle. They are also excellent prognostic indicators for patients presenting with chest pain.
Although cardiac disease is the leading cause of death in dialysis patients, standard methods
to diagnose acute coronary syndromes in patients with renal failure are often misleading.
METHODS A six-month prospective study was done in a university-affiliated Veterans Hospital’s dialysis
clinic. Forty-nine patients undergoing chronic dialysis with no complaints of chest pain were
followed for cardiac events occurring in the six months after cardiac troponin measurements.
These included unstable angina, acute myocardial infarction and cardiac death. An additional
83 patients with renal failure but who were not undergoing dialysis were also examined.
RESULTS Within six months all three dialysis patients with elevated cTnI at entry into the study
suffered an adverse complication (specificity and positive predictive value 5 100%). Twenty-
five patients had cTnT elevated at .0.10 ng/ml (53%). Patients with diabetes were more
likely to have elevated troponin T levels (64% vs. 25%, p 5 0.01). All six patients developing
cardiac events within three months had elevations of cTnT .0.1 ng/ml (sensitivity 5 100%).
Whereas the specificity of cTnT was only 56% for a near-term cardiac event, the negative
predictive value of cTnT using a cutoff of #0.1 ng/ml was 100%. On restratifying patients
using a cutoff value of cTnT of .0.2 ng/ml, only nine of 49 dialysis patients (18%) had
elevated levels. In patients with renal failure not undergoing dialysis, only three of 83 (4%)
had elevated troponin I or T. None of these patients suffered a cardiac event in the next six
months.
CONCLUSIONS This prospective pilot study clearly delineates the troponins as important prognosticators in
asymptomatic otherwise “stable” patients on chronic dialysis, especially those with concom-
itant diabetes mellitus. It also appears that troponins are more likely to be elevated in dialysis
patients than other patients with renal failure not on dialysis. The above suggests that the
combination of cTnI and cTnT might be very effective in elucidating cardiac risks of patients
with renal failure undergoing chronic dialysis. (J Am Coll Cardiol 1999;34:448–54) © 1999
by the American College of Cardiology
Cardiac troponin T (cTnT) and troponin I (cTnI) are
structural proteins that act to regulate muscle contraction
(1,2). They are released into the bloodstream from injured
muscle cells during cardiac ischemia with no overlap with
skeletal muscle troponins under normal conditions (3,4).
Multiple studies have demonstrated that both cTnI and
cTnT are important prognostic indicators in patients pre-
senting with chest pain, even when creatine kinase (CK),
MB fraction is not elevated (5–7). As such, the troponins
are gaining wider acceptance as a tool to stratify patients
with chest pain. Thus, they might also be useful prognos-
ticators in high risk patients in whom standard evaluation of
myocardial ischemia is not always accurate.
Patients with chronic renal failure are at risk for the
accelerated development of coronary artery atherosclerosis
and its consequences such as acute myocardial infarction (8).
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Cardiac disease is the leading cause of death in dialysis
patients (9). Diabetes, hypertension and left ventricular
hypertrophy are recognized cardiac risk factors commonly
found in this patient population (10). The conventional
tools used to diagnose acute coronary syndromes in patients
with renal failure, which include a 12-lead electrocardio-
gram (ECG) and serial measurements of CK isoenzyme
(CK-MB), are often misleading (11,12).
The purpose of the present pilot study was to prospec-
tively evaluate the usefulness of the cardiac troponins as
predictors of subsequent cardiac events in our patients with
chronic renal failure undergoing dialysis. We also included
a group of patients with chronic renal failure not on dialysis.
Because cTnI has been found to have greater specificity for
myocardial injury in chronic renal failure patients than
cTnT (13–19), we hypothesized that cTnI might also be of
greater prognostic value than cTnT.
METHODS
Patient population. The study was approved by the Hu-
man Subjects Committee at the University of California,
San Diego. All patients receiving dialysis at the VA Medical
Center in La Jolla were asked to participate in this study
(N 5 51). Informed consent was obtained on 48 hemodi-
alysis patients and one patient receiving peritoneal dialysis
(94% of dialysis patients). All blood samples were drawn
before starting hemodialysis on their routinely scheduled
day within a one-week time frame. All patients denied
having chest pain at the time their blood was drawn.
Demographic data, medical history including cardiac risk
factors and laboratory data, were obtained by chart review,
hospital information systems and patient interviews. Hemo-
dialysis was performed with a Hemoflow F-Series (High
Flux) Capillary dialyzer (Fresenius, Walnut Creek, Califor-
nia) in all patients.
In addition, 83 sequential patients with chronic renal
failure not on dialysis but followed in the renal failure clinic
were also examined over a three-month period.
Follow-up period to assess cardiac events was designated
at six months. Cardiac events included: 1) admission for
unstable angina, classified as type IIIB in the Braunwald
classification (20); 2) acute myocardial infarction, diagnosed
by ECG changes, wall motion abnormality by multigated
angiogram; echocardiography, angiography or autopsy; and
3) sudden death, presumed cardiac in origin.
Analytic studies. Venous blood was collected immediately
before dialysis and taken immediately to the blood gas lab
and centrifuged for 120 s at 11,000 rpm. An aliquot of
plasma was analyzed in the gas lab for total CK, CK-MB,
and cTnI. The remaining plasma was frozen at 220°C and
stored for three to five weeks. The samples were then
analyzed for cTnT by batch method in the main laboratory.
Cardiac cTnI, total CK and CK-MB were measured with a
fluorogenic enzyme-linked immunoassay designed by Be-
hring Diagnostics on the OPUS analyzer. The OPUS cTnI
assay uses purified polyclonal antibodies that are able to
recognize polypeptide segments unique to the cardiac iso-
form of troponin I. We selected ,0.5 ng/ml as the cutoff for
normal cTnI based on our experience with over 600 normal
specimens. The OPUS CK-MB assay utilizes anti–CK-MB
monoclonal antibodies. The OPUS total CK assay couples
its enzymatic activity to hexokinase and glucose-6-
phosphate dehydrogenase. The nicotinamide adenine dinu-
cleotide phosphate (reduced form) production measured by
the OPUS analyzer is proportional to the amount of total
CK in the sample. The normal expected value for CK-MB
is ,8.99 ng/ml. The normal range for total CK in human
serum is 38 to 174 U/liter for men and 26 to 140 U/liter for
women. The CK index was calculated by dividing the
CK-MB by the total CK and multiplying by 100. Values
.4.0% suggest cardiac damage.
The Elecsys Troponin T STAT CARDIAC T test was
the immunoassay used for the quantitative determination of
cTnT. This assay was designed by Boehringer Mannheim
and uses monoclonal antibodies specifically directed against
human cTnT and uses the cardiac-specific M11-7 antibody.
The recommended clinical threshold value of cTnT using this
assay is 0.1 ng/ml. This has a specificity of greater than 99.5%.
Data analysis. InStat and Excel statistical software was
used for data analysis. Unpaired t tests were performed on
all numeric data comparing patient variables as they related
to levels of cardiac troponin T. Fisher exact test was
performed for frequency comparison (i.e., cardiac risk fac-
tors) as well as event outcomes using the cardiac markers.
Significant p values were ,0.05.
RESULTS
Table 1 shows the baseline characteristics of the 49 dialysis
patients. Within a three-month follow-up period, six pa-
tients (12%) suffered significant cardiac events (Table 2).
These included four documented myocardial infarctions,
two of which were fatal, one episode of bradycardia and
cardiac arrest culminating in death and presumed to be
myocardial infarction and one episode of unstable angina
necessitating urgent coronary angioplasty. Only one of these
patients had prior evidence of left ventricular dysfunction on
echocardiogram. All six patients suffered their events within
the first three months of follow-up.
Abbreviations and Acronyms
CK 5 creatine kinase
cTnI 5 cardiac troponin I
cTnT 5 cardiac troponin T
ECG 5 electrocardiogram
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Cardiac troponin I. All three patients with elevated cTnI
at entry into the study suffered an adverse complication
within three months (specificity and positive predictive
value 5 100%, p , 0.005) (Table 3). The three patients
with elevated cTnI also had elevated cTnT levels (ranging
from 0.25 ng/ml to 0.7 ng/ml). In addition, there were three
other patients who suffered a complication in the two-
month period in whom cTnI was negative (sensitivity 5
50%, negative predictive value 5 93%).
Cardiac troponin T >0.1 ng/ml. Twenty-five patients
(53%) had cTnT elevated at .0.10 ng/ml (Tables 3 and 4).
Patients with elevated cTnT tended to be slightly older and
have lesser elevations of serum creatinine. There were no
significant differences in levels of total CK, CK-MB and
relative index in patients with normal versus elevated cTnT.
Table 5 compares cardiac risk factors based on troponin T
levels. Patients with a history of tobacco use, hyperlipid-
emia, hypertension, a positive family history for heart
disease or a documented cardiac history showed no propen-
sity toward elevated troponin T levels. Of note, patients
with diabetes were more likely to have elevated troponin T
levels (64% vs. 25%, p 5 0.01).
All six patients developing cardiac events within two
months had elevations of troponin T .0.1 ng/ml (sensitiv-
ity 5 100%, p , 0.05) (Table 3). Two of the patients had
previously normal ECGs within the previous year and four
had wall motion abnormalities consistent with previous
myocardial infarction. The only patient (Patient #2) in the
study group receiving peritoneal dialysis (he had received
hemodialysis intermittently over 13 years) died two weeks
after his blood sample was obtained. He had a history of
coronary artery disease and multiple cardiac risk factors
including diabetes. His cTnT level was 0.766 ng/ml. His
cTnI level was normal and his CK-MB was 2.3 ng/ml. His
autopsy revealed an acute anterior wall myocardial infarc-
tion. Using a cutoff of 0.1 ng/ml cTnT was only 56%
specific for a near-term cardiac event. However the negative
predictive value of cTnT using the 0.1 ng/ml cutoff was
100%.
Cardiac troponin T >0.2 ng/ml. Because of the low
specificity of cTnT at values .0.1 ng/ml, we restratified
patients using a cutoff value of cTnT of .0.2 ng/ml (Tables
3 and 4). Nine of 49 dialysis patients (18%) had cTnT levels
.0.2 ng/ml. Of the six patients suffering cardiac events,
cTnT was greater than 0.2 ng/ml in five of them, improving
the specificity to 91% and the positive predictive value to
56% (p , 0.005). There was only a slight effect on
sensitivity (83%) and little effect on the negative predictive
value (98%).
Creatine kinase, MB fraction. There were two patients in
this study with elevated CK-MB. One of these patients had
elevated cTnT levels .0.2 ng/ml. There were no untoward
cardiac events in either patient.
Renal failure patients not undergoing dialysis. Table 6
delineates the baseline characteristics of patients with
chronic renal failure not yet undergoing dialysis. Only three
patients in the entire group had elevation of cardiac tropo-
nin I (n 5 2) or cardiac troponin T (n 5 1) (4% vs. 51% of
Table 1. Baseline Characteristics of Dialysis Population
Number n 5 49
Age (yr) 58.5 6 1.65
Prior MI n 5 10
Stable angina n 5 49
CHF n 5 10
Arrhythmias n 5 6
Risk factors
Hypertension n 5 46
Diabetes n 5 22
Hyperlipidemia n 5 13
Laboratory values
Total CK (U/liter) 127 6 21
CK-MB (ng/ml) 3.1 6 0.4
Relative index 3.5 6 0.5
Parathyroid hormone (pg/ml) 1,062 6 125
Alkaline phosphatase (IU/liter) 110 6 7
Calcium (mg/dl) 9.1 6 0.1
Phosphorous (mg/dl) 5.6 6 0.3
CHF 5 congestive heart failure; CK-MB 5 creatine kinase, MB fraction; MI 5
myocardial infarction.
Table 2. Cardiac Markers in Patients Suffering Cardiac Events Within a Three-Month Period
Identification Cardiac Event
Time of Event
After Blood
Draw
Total CK
Level
(U/liter)
CK-MB
(ng/ml)
CK
Index
(ng/ml)
cTnT
Level
(ng/ml)
cTnI
Level
(ng/ml)
Patient 1 Unstable angina with
revascularization
Same day 126 3.27 2.6 0.249 1.34
Patient 2 Fatal MI 1 week 43.8 2.76 6.3 0.766 , 0.5
Patient 3 Fatal MI 2 weeks 59.1 1.18 2 0.701 14.5
Patient 4 Nonfatal MI with
revascularization
2 mo 82.6 2.25 2.7 0.174 , 0.5
Patient 5 Nonfatal MI 2 mo 104 6.09 5.9 0.428 , 0.5
Patient 6 Fatal arrhythmia 2 mo 68 7.07 10.4 0.419 0.94
cTnI, cTnT 5 cardiac troponin I and T. Other abbreviations as in Table 1.
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dialysis patients, p , 0.0001). In the six-month follow-up
period, two patients suffered myocardial infarction, none of
whom had elevated troponins.
DISCUSSION
Multiple studies have demonstrated that an elevated level of
either cTnI or cTnT in an ischemic setting is associated
with subsequent myocardial infarction and death, even
when CK-MB is not elevated (5–7,21,22). Such studies
suggest that troponins are useful in stratifying patients who
come to the emergency room with chest pain. In fact,
adverse outcomes in those with negative levels proved so
rare that they suggested a patient may be discharged from an
emergency room mainly on the basis of these markers (5).
The reason why detection of small rises in troponins has
such important prognostic implications in patients with
chest pain probably involves its ability to detect minor
amounts of focal myocardial necrosis and distal emboliza-
tion seen during disruption of coronary plaques (23).
The importance of this pilot study is that cardiac tro-
ponins proved to be extremely effective predictors of cardiac
events in a group of asymptomatic, but high risk patients
undergoing chronic dialysis at our medical center. All six
patients suffering near-term cardiac events had elevations of
one or both of the cardiac troponins. Although other studies
have detailed poor prognostic outcomes in renal failure
patients who have elevated cardiac markers (15–18), this
was the first prospective evaluation of a group of dialysis
patients utilizing both cardiac troponin T and I. Conversely,
very few patients with chronic renal failure not undergoing
dialysis had elevation of troponins.
Studies have clearly demonstrated the clinical accuracy of
cTnI in diagnosing an acute myocardial infarction (1,2).
The reason cTnI has such high specificity for cardiac injury
is because it is not found in skeletal muscle during neonatal
Table 3. Comparison of Sensitivity, Specificity and Predictive Values of the Troponins for
Cardiac Events Within a Three-Month Period
cTnI
>0.5 ng/ml
(CI)
cTnT
>0.1 ng/ml
(CI)
cTnT
>0.2 ng/ml
(CI)
Number of patients with
cardiac events
3* (n 5 3) 6† (n 5 25) 5* (n 5 9)
Sensitivity 50% (10–90) 100% 83.3% (53.5–100)
Specificity 100% 55.8% (9.3–100) 90.7% (82–99.4)
Positive predictive value 100% 24% (7.6–40.4) 55.6% (23.1–88.1)
Negative predictive value 93.5% (86.4–100) 100% 97.5% (92.7–100)
*p , 0.005. †p , 0.05. Fisher exact test was performed for event outcomes using the cardiac markers.
CI 5 confidence interval. Other abbreviations as in Table 2.
Table 4. A Comparison of Patient Variables as They Relate to Levels of Cardiac Troponin T
Patients With
cTnT Levels
<0.1 ng/ml
(SEM)
Patients With
cTnT Levels
>0.1 ng/ml
(SEM)
Patients With
cTnT Levels
>0.2 ng/ml
(SEM)
Number of patients 24 25 9
Mean age (yr) 55.1 6 2.3 61.8 6 2.3* 56.8 6 4.3
Length of end-stage
renal disease (yr)
4.8 6 1.0 5.9 6 1.1 5.7 6 1.6
Serum creatinine level
(mg/dl)
12.0 6 0.6 9.2 6 0.6† 8.7 6 1.3*
Mean total CK (U/liter) 140.3 6 35.0 115.5 6 24.2 165.1 6 64.5
Mean CK-MB (ng/ml) 3.0 6 0.7 3.3 6 0.4 4.8 6 0.9
CK index 3.1 6 0.8 3.9 6 0.5 4.8 6 1.0
PTH (pg/ml) 1,180 6 174 942 6 174 729 6 134
Alkaline phosphatase
(IU/liter)
98 6 7 122 6 11 113 6 16
Calcium (mg/dl) 9.1 6 0.1 9.2 6 0.2 9.2 6 0.2
Phosphorous (mg/dl) 6.2 6 0.5 5.1 6 0.4 4.9 6 0.3
*p , 0.05. †p , 0.005. An unpaired t test was performed comparing patients with normal cTnT levels with patients with cTnT
.0.1 ng/ml. An unpaired t test was performed comparing patients with normal cTnT levels and the nine patients with cTnT
levels .0.2 ng/ml. This is a subset of the patients with cTnT levels .0.1 ng/ml.
PTH 5 parathyroid hormone. Other abbreviations as in Tables 1 and 2.
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development or adulthood (4,24–27). Furthermore, it is not
expressed in regenerating human skeletal muscle tissue.
Accordingly, elevations do not occur, even in patients with
acute or chronic skeletal muscle damage, unless myocardial
injury is present. The concentration of cTnI is generally not
increased in renal failure in the absence of myocardial injury
(1,15). Hence, it is likely that the three patients in our study
who had elevated cTnI had subclinical myocardial necrosis
eventually leading to cardiac events, two of them fatal.
Whereas the positive predictive value of elevated cTnI in
these patients was 100%, the sensitivity for detection of
future events was only 50%.
Cardiac troponin T, on the other hand, identified every
patient with a subsequent cardiac event that occurred in the
dialysis patients (sensitivity of 100%). Clearly the negative
predictive value of cTnT was this marker’s strong point.
The drawback with cTnT in the present study was the large
number of positive patients (levels greater than 0.1 ng/ml)
who did not have any documented cardiac damage (speci-
ficity of 56%). Because higher concentrations of cTnT were
more strongly associated with adverse cardiac events, we
restratified patients to a cutoff of .0.2 ng/ml. This im-
proved specificity to 91% without compromising sensitivity
to a large degree (5/6 patients with adverse cardiac events at
the 3-month follow-up point had elevations of cTnT above
0.2 ng/ml). However, the large number of cTnT positive
patients precluded a major change in treatment strategy for
those patients, although they did provide some additional
biochemical data that could be considered in the context of
the patients’ histories and physical findings.
We do not know if the apparent “false positives” observed
with cTnT represented minor myocardial damage that
could not be detected with other means or if they were
caused by an analytic artifact. There have been several
reports suggesting that cTnT is reexpressed as its cardiac
isoenzyme (27–29); however, the antibodies used to detect
cTnT in these studies were different than those used in the
commercially available assay we tested. Another hypothesis
is that the uremic state causes myocardial damage that is
detected by cTnT. Haller et al. found no correlation
between residual diuresis, serum creatinine, blood urea
nitrogen and cTnT (16). Another study reported no signif-
icant differences in cTnT levels pre- and postdialysis (14).
Is it possible that minor myocardial injury undetected
clinically might have been responsible for positive cTnT
values? Fifty-three percent of our dialysis patients had
troponin T levels greater than 0.1 ng/ml. Although we
doubt that every one of these patients would go on to have
a cardiac event, it is nevertheless possible that cTnT might
be more sensitive than cTnI in detecting small areas of
necrosis or disruption of the coronary plaque (28,29) and
thus be a better prognostic indicator of patients with acute
coronary syndromes. Although the exact nature of release of
troponins from the contractile apparatus of striated muscle
has not been fully elucidated, both are probably released
from the cytosolic pool into circulation after necrosis. The
proteins differ in the proportion contained in the cytosolic
pool, however, representing 6% to 8% of total cTnT but
only about 2.5% of total cTnI (13). Thus, it might be
possible that cTnI is less sensitive than cTnT or that cTnI
may retain its cardiac-specific expression during uremia
(16).
In our series, there was a preponderance of diabetes in
patients whose troponin T was .0.1 ng/ml. Similar find-
ings have been reported by Li et al., who also found no
Table 5. A Comparison of Patient Cardiac Risk Factors as They Relate to Levels of Cardiac
Troponin T
Cardiac Risk Factors
Patients With
cTnT Levels
<0.1 ng/ml
(n 5 24)
Patients With
cTnT Levels
>0.1 ng/ml
(n 5 25)
Patients With
cTnT Levels
>0.2 ng/ml
(n 5 9)
Hyperlipidemia 5 8 4
Hypertension 23 25 9
Diabetes 6 16* 7*
Family history 11 6 0
Smoking 10 6 1
Documented history of CAD
(angina, MI, revascularization)
11 12 5
*p , 0.05. Fisher exact test was performed for frequency comparison.
CAD 5 coronary artery disease. Other abbreviations as in Tables 1 and 2.
Table 6. Variables in Patients With Chronic Renal Failure Not
Undergoing Dialysis
Number 83
Age (yr) 58
BUN 38
Serum creatinine level (mg/dl) 2.617
Mean total CK (U/liter) 153.06
Mean CK-MB (ng/ml) 6.1828
CK index
Patients with TN 6 7.5 (n) 2
Patients with cTnT .0.1 ng/ml (n) 1
BUN 5 blood urea nitrogen; CK-MB 5 creatine kinase, MB fraction.
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cTnT elevations in a separate group of diabetic patients with
normal creatinine levels (17). Diabetes is a common cause of
renal failure. Thirty-five to 45% of patients with insulin-
dependent diabetes develop nephropathy (30). In this study,
all six of the patients with significant cardiac outcomes had
diabetes. It is well documented that patients with diabetes
are at risk for coronary artery disease (31). The increased
sensitivity of cTnT may detect microvascular changes that
are not clinically evident, and in some cases, perhaps not
detected with cTnI.
Conclusions and clinical implications. Although this
prospective study included small numbers of patients and is
therefore considered a pilot study, it did encompass nearly
95% of all patients undergoing chronic dialysis at a Veterans
Hospital as well as over 50% of the hospital’s renal failure
clinic. Examination of larger populations of dialysis patients
is needed to substantiate our conclusion that cardiac tro-
ponins are important prognosticators in this cohort of
asymptomatic otherwise “stable” patients. This may be
especially true in patients with concomitant diabetes melli-
tus. A positive troponin I was virtually 100% specific and
100% predictive for a future cardiac event in our study. Yet
its negative predictive value was only 50%. Cardiac troponin
T, on the other hand, was 100% sensitive in detecting
dialysis patients who would have future cardiac events, with
a negative predictive value of 100%. Our data suggested that
the combination of cTnI and cTnT might be effective in
elucidating cardiac risks of patients with renal failure un-
dergoing chronic dialysis. If the results of our pilot study
were confirmed by other studies, all patients with elevations
of cTnI should urgently be worked up with a functional
cardiac study or coronary angiography, especially if an
elective procedure is being planned. If only cTnT is being
used, it is possible that its cutoff value should be increased to
.0.2 ng/ml. This would greatly improve the specificity with
only minimal compromise in sensitivity.
On the other hand, if the low incidence of cardiac marker
positivity and their subsequent lack of predictive value in
patients with renal failure not undergoing dialysis is sub-
stantiated, this might ease physicians’ minds about their
value in this group of patients, as long as they are not
presenting with ischemic symptoms. We believe it is pos-
sible that the higher frequency of marker elevation in renal
failure patients once they begin dialysis was a consequence
of the ongoing “inflammatory condition” of dialysis. This
might possibly lead to subsequent plaque rupture and
eventual cardiac complications. Further studies in this area
are suggested.
Acknowledgments
We gratefully acknowledge the Dialysis nurses, the Blood
Gas Lab staff and the Laboratory staff at the VA Medical
Center in La Jolla, without which this work would not have
been completed.
Reprint requests and correspondence: Dr. Alan Maisel,
VAMC, Cardiology 111-A, 3350 La Jolla Village Drive, San
Diego, California 92161. E-mail: amaisel@ucsd.edu.
REFERENCES
1. Adams JE, Bodor GS, Davila-Roman VG, et al. Cardiac troponin I.
A marker with high specificity for cardiac injury (see comments).
Circulation 1993;88:101–6.
2. Adams JE, Schechtman KB, Landt Y, Ladenson JH, Jaffe AS.
Comparable detection of acute myocardial infarction by creatine
kinase MB isoenzyme and cardiac troponin I. Clin Chem 1994;40:
1291–5.
3. Anderson PA, Malouf NN, Oakeley AE, Pagani ED, Allen PD.
Troponin T isoform expression in humans. A comparison among
normal and failing adult heart, fetal heart, and adult and fetal skeletal
muscle. Circ Res 1991;69:1226–33.
4. Bhavsar PK, Dhoot GK, Cumming DV, Butler-Browne GS, Yacoub
MH, Barton PJ. Developmental expression of troponin I isoforms in
fetal human heart. FEBS Lett 1991;292:5–8.
5. Hamm CW, Goldmann BU, Heeschen C, Kreymann G, Berger J,
Meinertz T. Emergency room triage of patients with acute chest pain
by means of rapid testing for cardiac troponin T or troponin I (see
comments). N Engl J Med 1997;337:1648–53.
6. Antman EM, Tanasijevic MJ, Thompson B, et al. Cardiac-specific
troponin I levels to predict the risk of mortality in patients with
acute coronary syndromes (see comments). N Engl J Med 1996;335:
1342–9.
7. Galvani M, Ottani F, Ferrini D, et al. Prognostic influence of elevated
values of cardiac troponin I in patients with unstable angina. Circu-
lation 1997;95:2053–9.
8. Rutsky EA, Rostand SG. The management of coronary artery disease
in patients with end-stage renal disease. In: Parfrey PS, Harnett JD,
editors. Cardiac Dysfunction in Chronic Uremia. Boston, MA: Klu-
wer Academic, 1991:231–43.
9. U.S. Renal Data System, USRDS. Annual Data Report. Bethesda
(MD): The National Institute of Health, National Institute of Dia-
betes and Digestive and Kidney Diseases, August 1990.
10. Parfrey PS. Cardiac and cerebrovascular disease in chronic uremia.
Am J Kidney Dis 1993;21:77–80.
11. Jaffe AS, Ritter C, Meltzer V, Harter H, Roberts H. Unmasking
artifactual increases in creatine kinase isoenzymes in patients with
renal failure. J Lab Clin Med 1984;104:193–202.
12. Ma KW, Brown DC, Steele BW, From AHL. Serum creatine kinase
MB isoenzyme activity in long-term hemodialysis patients. Arch
Intern Med 1981;141:164–6.
13. Bhayana V, Gougoulias T, Cohoe S, Henderson AR. Discordance
between results for serum troponin T and troponin I in renal disease.
Clin Chem 1995;41:312–7.
14. Frankel WL, Herold DA, Ziegler TW, Fitzgerald RL. Cardiac
troponin T is elevated in asymptomatic patients with chronic renal
failure. Am J Clin Pathol 1996;106:118–23.
15. Hafner G, Thome-Kromer B, Schaube J, et al. Cardiac troponins in
serum in chronic renal failure (letter). Clin Chem 1994;40:1790–1.
16. Haller C, Stevanovich A, Katus HA. Are cardiac troponins reliable
serodiagnostic markers of cardiac ischaemia in end-stage renal disease.
Nephrol Dial Transplant 1996;11:941–4.
17. Li D, Keffer J, Corry K, Vazquez M, Jialal I. Nonspecific elevation of
troponin T levels in patients with chronic renal failure. Clin Biochem
1995;28:474–7.
18. Apple FS, Sharkey SW, Hoeft P, et al. Prognostic value of serum
cardiac troponin I and T in chronic dialysis patients: a 1-year outcomes
analysis. Am J Kidney Dis 1997;29:399–403.
19. Wu AHB, Feng YJ, Contois JH, Pervaiz S. Comparison of myoglo-
bin, creatine kinase-MB, and cardiac troponin I for diagnosis of acute
myocardial infarction. Ann Clin Lab Sci 1996;26:291–300.
20. Braunwald E. Unstable angina: a classification. Circulation 1989;80:
410.
21. Hamm CW, Ravkilde J, Gerhardt W, et al. The prognostic value of
serum troponin T in unstable angina. N Engl J Med 1992;327:146–
50.
22. Lindahl B, Venge P, Wallentin L. Relation between troponin T and
453JACC Vol. 34, No. 2, 1999 Roppolo et al.
August 1999:448–54 Troponins in Renal Failure
the risk of subsequent cardiac events in unstable coronary artery
disease. The FRISC study group (see comments). Circulation 1996;
93:1651–7.
23. Vetrovec GW, Cowley MJ, Overton H, Richardson DW. Intracoro-
nary thrombus in syndromes of unstable myocardial ischemia. Am
Heart J 1981;102:202–8.
24. Wilkinson JM, Grand RJ. Comparison of amino acid sequence of
troponin I from different striated muscles. Nature 1978;271:31–5.
25. MacGeoch C, Barton PJ, Vallins WJ, Bhavsar P, Spurr NK. The
human cardiac troponin I locus: assignment to chromosome 19p13.2-
19q13.2. Hum Genet 1991;88:101–4.
26. Saggin L, Gorza L, Ausoni S, Schiaffino S. Troponin I switching in
the developing heart. J Biol Chem 1989;264:16299–302.
27. Toyota N, Shimada Y. Differentiation of troponin in cardiac and
skeletal muscles in chicken embryos as studied by immunofluorescence
microscopy. J Cell Biol 1981;91:497–504.
28. Lindahl B, Toss H, Venge P, Wallentin L. Troponin T is an
independent prognostic marker for subsequent cardiac events in
patients with unstable coronary artery disease. Circulation 1995;92
Suppl 1:3182.
29. Christenson RH, Duh SH, Newby LK. Cardiac troponin T and
cardiac troponin I: relative values in short term risk stratification of
patients with acute coronary syndromes. Clin Chem 1998;44:494–
501.
30. Nathan DM. Long-term complications of diabetes mellitus (review).
N Engl J Med 1993;328:1676–85.
31. Kannel WB, McGee DL. Diabetes and cardiovascular disease: the
Framingham Study. JAMA 1979;241:2035–8.
454 Roppolo et al. JACC Vol. 34, No. 2, 1999
Troponins in Renal Failure August 1999:448–54
